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ABSTRACT

Managers of hardwood processing facilities need tinely information on
whi ch to base inportant decisions such as when to add costly equi pment or how
to inmprove profitability subject to time-varying demands. The overall purpose
of this paper is to introduce a tool that can effectively provide such tinely
i nformati on. A sinul ation/animation nodeling procedure is described for
har dwood products manufacturing systems. Chject-oriented sinulation nodeling
techniques are used to assist in identifying and solving problenms. Animation
is used to reduce the tinme for nodel devel opnent and for conmunication
purposes such as illustrating “how and “why” a given solution can be
effective. The application and utility of the simulation/animtion tool is
illustrated using a furniture rough mll system characteristic of the eastern

region of the United States.

| NTRODUCTI ON
The wood household furniture, cabinet, and mllwork industries enploy
over 385,000 people, have a total annual payroll exceeding $6.6 billion, and
generate over $15 billion annually in value-added nanufacturing (6). However,
this industry faces serious econonic and technical problens that are limting

its profitability and growth. The increasing cost of high-quality hardwood
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timber resources along with [abor-intensive manufacturing methods have pushed
manuf acturing costs close to unprofitable levels. Furthernore, conpetitive
pressures from foreign conmpanies are threatening these industries. If the
industry is to survive and grow under such pressures, it must be able to

recogni ze and solve some fundamental. manufacturing problens.

To address sone of these problens, research has focused on devel oping
better processing equipnent technology. Innovative technol ogies such as
conputer vision, robotics, and conputer-integrated manufacturing which have
been successfully enployed in other manufacturing industries, have been
proposed for nodernizing furniture manufacturing facilities (8, 9, 10, 11).
Al t hough nodern equi pment is very inportant to a wood products manufacturing
plant of the future, inproving equipnment technology alone is not enough to

address all of the industry’s problens.

A nmore conplete solution to the problems of the wood furniture, cabinet,
and mllwork industries involves determning a conbination of technology and
management that is best for the overall mnufacturing system  Studying only
one conponent of such a broad systemin isolation from other conponents may
not produce the best overall results. Conputer sinulation is an effective
operations research tool for analyzing whole manufacturing systenms. Using
conputer sinulation, alternate processing technol ogies, nanagenent techniques,
and control strategies can be thoroughly studied before their costly

introduction into a real manufacturing system

Several systems sinulation nodels have been devel oped to assist in
designing, evaluating, and managing hardwood |unber and furniture
manufacturing systems. Some of the nodels have proven very successful in

addressing specific questions within given forest products operations (3, 14).



Qhers provide for the nodeling of a variety of operations within a specific

i ndustry segnent (1, 2).

Al'though these systens sinulation models have proven very useful
devel oping and utilizing such nodels requires a substantial anount of time and
experience that the hardwood |unber and furniture industry cannot easily
afford. Therefore, much work remains to make the nodels nore “user-friendly”
for the industry. One study (4) that is currently underway enploys some of
the latest conputing techniques such as expert systens, object-oriented
programming, and animation to make simulation a nore useable tool for softwood
sawmi || personnel. A sinilar approach is taken in this paper to develop a
decision support tool that can be used by nanagers of hardwood processing

syst ens.

OBJECTI VES
The overall goal of this research is to develop tools that can
effectively provide timely information and assist in making effective
managenment decisions for wood products manufacturing systens. Specific

obj ectives of this paper are to:

1. Describe simulation nodeling procedures applied to wood products
manuf acturing systens.

2. Incorporate animation and other graphical features into the
simulation procedures to assist in nodel developnent and in
communi cating inportant sinulation nodeling results

3. Denonstrate the application and utility of the
simul ation/animation tool on an example furniture rough mll for

the eastern region of the United States.



MODEL DEVELCOPIMENT

Furniture Rough M1

In the wood household furniture industry, the rough mll is the area
where rough, dry hardwood lumber is cut up into parts for processing
throughout the rest of the nmanufacturing operation. Dry hardwood | unber
enters the rough mll in the shape of boards with random wi dths and |engths.
The main purpose of the rough mll is to cut the proper nunber of parts of a
given length and/or width from the random | ength, random w dth boards.
Furthernore, natural features such as wane, knots, and decay that are

obj ectionable are cut out and discarded.

Figure 1 shows a rough mll layout which might be found in the eastern
region of the United States. Stacks of dried lunber enter the mll on a kiln
truck which is typically 8 ft high, 6 ft wide, and 17 ft long. The |unber
unstacker is a nmaterials handling device that noves the lunber fromthe kiln
truck onto the infeed table of the crosscut saw. There are typically two
crosscut saws that cut the entering random length boards to the required
length for the various furniture parts that are desired. After the
crosscutting operation, the planer surfaces the lunber to a specified uniform
t hi ckness. Finally, four ripsaws are typically used to rip the lunmber to the
widths required for furniture parts. These “rough” dinension parts are then
stored until needed. Material to and from the rough nmill is transported
either by forklift or hand trucks. Belt and/or chain conveyors are used to
move the material from one station to the next within the rough mll. dark
et al., (7) provide a nore detailed discussion on the rough nmll layout and

the typical processing stations required.



Simul ation Mdeling Procedures

Creating a detailed simulation nodel of such a rough mll systemis an
involved and time-consumng task. MII| mnagers have a good understanding of
their system however, they often lack the expertise needed to nodel the
system To minimze the anount of expertise needed to develop a conputer
simul ation nodel, a general object-oriented procedure was devel oped to nake
the conversion of a real wood products manufacturing system to a conputer

model |ess conplicated.

To define and organize the detail of such a conplex processing system
the rough mll is viewed as an organization of distinct objects. Six primary
object classes are used to represent the mll: 1) station objects, 2) route
objects, 3) entity objects, 4) queue objects, 5) resource objects, and 6)
variable animtion objects. System details are further described by defining
specific characteristics associated with each object and are shown in Figure
2. The first five objects carry a nane and certain characteristic values that
define their function. The variable animation object is used to describe how
information is graphically displayed in the animated sinulation nodel. Every
object also carries sone type of graphical representation of itself and is
used for the simulation animation. These graphical aspects of objects will.

be discussed in nore detail in a |later section.

Station bjects

Station objects define physical locations in a system such as the
| ocation of a workstation, transfer point, or a storage area. Table 1 lists
by name each of the 19 stations that are used to nodel the rough mlIl [ayout
presented in Figure 1. Information carried by station objects is used to
i ndi cate which resources and queues are used at a particular station. At

Station 3, for exanple, there is a queue where boards wait for a space on the



conveyor. The conveyor is the resource crucial to the activity that occurs at
Station 3, Hence, a board queue and a conveyor resource are required for the
function at Station 3. Table 2 lists the queues and resources that are

required by each of the 19 stations.

Model detail and flexibility is a function of the number of stations
chosen to represent the system For exanple, the 19 stations chosen to
represent the rough nill in Figure 1 do not include stations for waste
material handling activities. Wste material is only tallied in the 19
station nodel for determning conversion efficiencies. Mre station and route
objects would be required to build a nmore detailed nodel of the waste material
handling activities with regard to how they conpete for mll resources, and

how they inpact overall material flow.

Route bjects

A route object is required to define each path that can be taken from
one station to another. In the rough nill, paths between stations can
represent any type of materials handling system such as conveyors, belts, and
transporters. Values of route objects include station terninals, distance,
and cost of route. The definition of route objects must be such that the

| ocation, routes, and distances accurately represent the floor plan of the

mll. Table 3 lists the station terminals and distances for all possible
routes in the 19 station nodel. No costs are associated with the routes
t aken.

Entity Objects

After the network of station and route objects is defined, entities that
engage in station activities need to be defined. Entity objects represent

materials such as lumber and parts that move throughout the system  Based



upon the 19 station nodel described above, an entity object can be a stack of
Kiln-dried rough Iunber, an unplaned board, a planed board, a rough di nension
part, stacks of rough dinension parts, or waste material. Entity flowis
dictated by the station and route network and its state is determned by

activities that occur at a station,

As an exanple of entity flowin the 19 station nodel, a |unber stack
entity nmoves from the rough dry lunber holding area to the unstacker. At the
unst acker, the lumber stack entity is split into two separate entities. (ne
of the entities represents a piece of lunmber that will be sent to one of the
crosscut saws. The other entity represents the original lunmber stack entity
with one less board. This process of splitting and changing the state of
entities continues until no boards are left in the stack. Wien the unstacker
approaches being enpty, a control signal is issued to create another |unber
stack entity to fill the unstacker. Lunber entities are split further into
part entities and into |eftover waste entities after being noved through the
crosscut and ripsaws. Finally, part entities are regrouped into pallet
entities which are stored in inventory and waste entities which are tallied to

provi de conversion efficiency informtion.

Characteristic values for entity objects depend upon the entity's state
in the processing systemand carry val ues such as number of boards in a stack
of lunmber, lunber width and length, conversion efficiency, processing
priority, and tine spent in the system \hen an entity represents a stack of
| unber, for exanple, the nunber of boards per stack is assigned. Wen an
entity represents a single board within the stack, its length and w dth val ues

are assi gned.
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Queue objects define physical storage areas at a station where naterial
waits to be noved or processed. Queue capacity, cost, batch size, and a
destination for overflow entities are values used to characterize queue
obj ect s. In the 19 station nodel, all capacities of queues listed in Table 2
are chosen to be infinite with no associated costs. Note that infinite queue
capacities are selected for the purpose of nodel sinmplification. However
nodel i ng the accunul ation of naterial in a finite space, such as lunber in
front of a ripsaw, can be acconplished by assigning a definite queue capacity
value. If this value is exceeded, the overflow destination can be used to re-
route overflow material or to send a signal to halt the flow of incom ng
material. The batch size value is used to define how many entities are needed
before a free resource can process a batch. Al queues in the nodel have a
batch size of one except for the four ripsaw pallet area queues which have a
batch size of 100. That is, 100 parts nust be palletized before it can be

moved to the dinension holding area.

Resource hjects

Resource objects represent system conponents such as processing and
mat eri al s handli ng equi pnent and personnel that are required to process and
move material to and from a particular station. Resource objects define the
nunber of a particular resource available to do the same job, its service
rate, cost, material flow, processing function, and routes traveled. In the
19 station nodel, there is one unit of each resource available and al
associ ated costs are considered to be zero, Service rate, material flow,
process function, and routes traveled for each resource are summarized in

Tabl e 4.

The material flow of a resource object defines how material. will be

selected from and assigned to different routes. |f there are several queues



in front of a resource (e.g. Station 9), the order in which queues wll be
serviced is specified. Simlarly, if there are several different routes
behind a resource (e.g. Stations 2 and 10), the order in selecting a route is
specified. A resource object can also service entities with higher priorities
before entities with low priorities. The entity's priority value is used for

this function.

A function is used to describe how an entity is processed at a resource.
For exanple, at the crosscut saws, a function is used to define how a board is
cut into rough length lunber. Presently, the board cutting function is a
random distribution function. However, the function could alternatively make
calls to a program containing a lumber cut-up optimzation routine such as

program CORY (5).

A list of routes traveled defines routes used to nove naterial between
stations. For exanple, Station 1 is nodeled as a queue for rough dry |unber.
To nove stacks of lumber from Station 1 to Station 2, a forklift resource is
required. Furthernore, if the nearest forklift is at Station 19, it must
travel the distance from Station 19 to Station 1 before a stack can be noved.
The routes traveled list for the forklift object defines the routes between
all stations serviced by the forklift. Routes traveled for a position on a
conveyor that noves material between stations are al so needed. Routes
traveled are defined as zero for resources that do not transport or convey

material, such as saws.

Simulation Animation and G aphical Procedures
Animating the simulated rough mll involves graphically displaying the
movenent of dynam c objects such as lunber within an animated mill floor plan

on a conputer display nonitor. The graphic representation of a floor plan



includes all static conponents such as walls and permanent fixtures. The
animated representation of dynamic objects are defined using graphic values in
each of the five objects described earlier. Gaphic values for objects
include a location or display position within the static background. To
animate noving |lunber, holding areas, and resources, graphic symbols are
included in entity, queue, and resource objects. Synbols are included for
each possible state seen by an object. Figure 3-A for exanple, shows synbols
used to animate the state of entity objects. In Figure 3-B, a ripsaw resource
obj ect requires three synbols in an ani mati on, one when busy, another when

idle, and a third when down for repairs.

Finally, a variable animation object is used to conplete the anination
devel opment procedure. Variable animation objects (Figure 2) allow the
animation to access and to display dynamcally inportant variables and
statistics in the sinulation nodel. The variable to access, representation
symbol , and synbol l|ocation are used to describe the variable animation
object. Variables accessed in the rough mll nodel include resource usage,
queue level, production level, waste level, cost, and naterial flow variables.
These variables can be represented in the animation as synbols in the form of
text, dials, levels, histograms, or graphs to provide dynanic information on
the state of the mll system Variable animtion objects are positioned on

the conputer display according to the synbol |ocation value.

Model I npl enent ation

After following the above nodeling procedures, the nill systemis
described as a collection of distinct objects. These objects define the
essential elements needed to sinulate the system The final step is to

translate the collection of objects into some modeling |anguage and to run
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comput er experinments on the nodel.

This step was inplenented for the exanple rough mll using the
SI MAN/ CI NEMA® simul ation |anguage (12, 13). SIMAN is a FORTRAN based
simulation language that contains a number of built-in features that make it
particularly useful for nmodeling manufacturing and material handling systens
as well as providing the neans of animating the sinulated processes (ClNEMA).
Anot her inmportant feature in SIMANNCINEMA is its capability to run on |BM
PC/ AT conpatible mcrocomputer systens and on mni/main-frame conmputer
systens. Al though SI MAN CI NEMA nade some of the nodeling procedures easier,
the object-oriented nodeling approach is intended to be general so that other

comercial programm ng | anguages can be used as well.

Due to its volum nous nature, the full object representation and
corresponding SIMAN CI NEMA code for the nodel is not reported herein. More
detail ed object representation and SI MAN Cl NEMA code for the nodel can be

obtai ned from the senior author upon request.

RESULTS AND DI SCUSSI ON
The utility of the sinulation/animtion nodel is illustrated using a
rough mll layout that is typical for the eastern region of the United States.
It is assunmed that the mll| processes random wi dth, random |ength, m xed
grade, 4/4 red oak lunber, The part sizes cut in the nill experiment are
listed in Table 5. Table 6 shows the parameters of the random variabl es

considered in the study. The only costs that are assumed in the study is the

‘Mention of commercial products or company names does not inply
reconmendation or endorsenent by Virginia Polytechnic Institute and State
University over others not nentioned. The authors’ fanmiliarity with this
simlation language was the main reason that this particular software product
was used in the inplementation.
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red oak purchase price of $666 per thousand board feet (nbf) for green |unber,
a lumber drying cost of $130 per nbf, and 16 enployees hired at an average

wage rate of $5.30 per hour.

To denonstrate the features of the simulation/animtion procedure, the
rough mll rnodel was simulated for a 10 hour day. Upon conpletion of the
simulation run, the nodel gives a brief statistical summary in four areas:

(a) mll throughput, (b) mll operation expense, (c) mll inventory |evels,
and (d) delays due to processing bottlenecks. At the end of the sinulated 10
hours, for exanple, an average of 1.52 nbf of parts were nmanufactured per hour
at an average cost of $1778 per nbf with an average of 1.66 nbf of waste
produced per hour. The average conversion efficiency of the operation (yield
of parts vs. waste) was 47.7 percent. Also, a total of 413 pallets of parts
were stored in inventory (100 parts per pallet). The processing bottleneck in
this exanple is the ripsawing operation where an average of 83 pieces of

| unber are waiting to be processed.

During a simulation run, the above output information can be stored in
files for every sinulated minute. This information can be graphed to observe
the dynam ¢ behavior of the simulation and to nake conparisons with other
simulation runs. Figures 4 through 7 show the type of graphical information
that was produced in a sinulated hour for the hypothetical mll starting at
mnute 120. In Figures 4, 5 and 6, the nill throughput, waste, and operation
expense, respectively, randomy vary about an average value. In Figure 7, the
solid line shows an increasing trend in the ripsaw queue length towards its

average val ue of 83.

Figures 4 through 7 can be used to determ ne where changes could be nade

to the systemin an effort to sinultaneously maximze throughput and mininze

12



expense and waste. Controls that mnimze the unpredictable random
fluctuations in throughput, expense, and waste statistics can also be

i npl enented.  Furthermore, controls can be inplenented to provide for a nore
even flow of material through the system (e.g. to reduce the length of the
ri psaw queues). Any such process control and management procedures can be
tested with the sinmulation nodel before their costly introduction into the

real manufacturing system

To denopnstrate a sinple control to reduce the anount of material waiting
to be processed at the ripsaws, the sinulation nodel was altered by slowng
down the throughput rate at the crosscut saw by 83 percent. Wth this
alteration, an average of 1.53 nmbf of parts were manufactured per hour at an
average cost of $1571 per nbf with an average of 1.37 mbf of waste produced
per hour for the same sinulated 10-hour day. The change resulted in a 77
percent decrease in the material waiting to be processed at the ripsaw. The
dashed line in Figure 7 shows that the queue | ength varies randomy about an
average of 19 which is nore desirable than the original simulation run. The
change also led to a substantial increase in conversion efficiency (52.8 vs.
47.7).  The inproved efficiency for the second sinulation can be attributed to
the fact that the slowdown afforded the crosscut saw operators nmore tine to
measure-up the defects in the lunmber and make the all inportant saw pl acement

deci si ons.

As denonstrated above, sinulation can be a very powerful tool to
evaluate a hardwood processing facility and to test alternate managenent
strategies. However, the usefulness of the tool for nanagenent applications
depends upon its ability to answer crucial questions as quickly as possible.
The optional animation feature of the simulation technique provides a nmeans to

enhance the useful ness of the ml| nodel
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The animation feature provides a real-time visual representation of the
rough mll nodel. At any point in tinme during the animted sinulation,
selected information can be observed. For exanple, Figure 8 shows a snapshot
of the animation at simulated mnute 253. At this instance in tinme, the mll
is producing 1.26 nmbf of parts per hour at a cost of $2044 per nbf with a
waste of 1.86 nbf per hour. Presently stored in the parts inventory are 49
34, 41, and 47 pallets of 14 in, 22 in, 28 in, and 36 in |engths,

respectively.

Al t hough the dynam c nature of the animation cannot be denonstrated

here, the observer can see the changes in the material flow and in the size of
the queues in front of each saw within the rough mll as the sinulation
progresses. Using animation, for exanple, the length of the ripsaw queues can
be observed to be steadily increasing. This observation supports the trend
shown in Run 1 of Figure 7. Fromthe animation, it can be quickly observed
that the speed at which the crosscut saws operate contributes to this steady
increase. This observation would be difficult to represent in a traditiona
table or figure format. Therefore, providing a dynamc visual representation
of the systemis an efficient method to find a problemas well as to find the

cause of the problem

In terms of simulation nodel devel opment, the animation feature can
significantly reduce the anmount of time it takes to verify and validate a
simulation nodel. Any reduction in the tine to arrive at the final answer is
significant in making tinely management decisions. In terns of comunication
and docunentation, it is nuch easier for managers to understand famliar
pictures than tabulated values and graphs. Therefore, providing a real-tinme

visual representation of the system enables those not fanmiliar with the
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interpretation of traditional simulation output to feel nore confident and

understanding of the results.

SUMVARY
A simul ation/ani mati on nodeling tool is described for a hardwood rough
mll layout that is typical of those found in the eastern United States. To
mnimze the anount of expertise needed to develop a nodel that is
representative of the rough mll, a general object-oriented nodeling procedure
is introduced. The rough nmill is viewed as an organization of six distinct
obj ect s: 1) station objects, 2) route objects, 3) entity objects, 4) queue

objects, 5) resource objects, and 6) variable animtion objects.

Simulation output information includes mill throughput, operation
expense, inventory levels, processing efficiency, and material flow delays due
to processing bottlenecks. The simulation nodel was used to conpare and test
al ternate management decisions. The animation feature included with the
simul ation model provides a real-tinme dynamc visual representation of the
system and the output summary information. Providing a visual representation
of the system reduces the tine to develop the mll model and assists in pin-

pointing the cause of a problem

Present research efforts are focused on expanding the sinulation/
animation tool to enconpass a w der variety of wood processing systens.
Utimately, an integrated decision support system will be devel oped such that
simulation nodeling details will be nmade transparent. Hence, users can
concentrate on developing different simulation experiments that fully test

proposed nmanagenent strategies.
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Description of

TABLE 1

the 19 stations used to depict the rough mll.

Station Description

1 Rough dry lunber holding area

2 Unst acker infeed position

3 Crosscut saw #1 conveyor infeed position

4 Crosscut saw #2 conveyor infeed position

5 Crosscut saw #1 infeed

6 Crosscut saw #2 infeed

7 Crosscut saw #1 cross-over chain infeed position
8 Crosscut saw #2 cross-over chain infeed position
9 Pl aner conveyor infeed position
10 Pl aner conveyor outfeed position
11 Ri psaw #1 conveyor drop-out position
12 Ri psaw #1 pallet area

13 Ri psaw #2 conveyor drop-out position
14 R psaw #2 pallet area

15 Ri psaw #3 conveyor drop-out position

16 R psaw #3 pallet area

17 Ri psaw #4 conveyor drop-out position

18 Ri psaw #4 pallet area

19 Di nension parts holding area
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TABLE 2
Queues and Resources used at

each of the 19 stations.

Station Queues Used Resources Used
1 Lunber holding area Forklift
2 Unst acker infeed area Unst acker
3 Conveyor infeed area Crosscut #1 conveyor
4 Conveyor infeed area Crosscut #2 conveyor
5 Crosscut #1 infeed Crosscut  #1
6 Crosscut #2 infeed Crosscut #2
7 Crosscut #1 outfeed Crosscut #1 cross-over chain
8 Crosscut #2 outfeed Crosscut #2 cross-over chain
9 Conveyor transfer Pl aner infeed conveyor
10 Conveyor transfer Pl aner outfeed conveyor
11 Ri psaw #1 infeed Ri psaw #1
12 R psaw #1 pallet area Forklift
13 Ri psaw #2 infeed Ri psaw #2
14 Ri psaw #2 pallet area Forklift
15 R psaw #3 infeed R psaw #3
16 Ri psaw #3 pallet area Forklift
17 Ri psaw #4 infeed Ri psaw #4
18 Ri psaw #4 pallet area Forklift
19 Rough Parts holding area -
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TABLE 3 _
Possible routes between the 19 stations of the rough mll nodel..

Station Termnals Di st ance

Rout e Point 1 Point 2 (ft)
1 1 2 150
2 3 5 20
3 4 6 20
4 7 9 15
5 8 9 15
6 9 10 15
7 10 11 25
8 10 13 30
9 10 15 35
10 10 17 40
11 1 12 150
12 1 14 150
13 1 16 155
14 1 18 155
15 1 19 225
16 2 12 100
17 2 14 100
18 2 16 105
19 2 18 105
20 12 19 70
21 14 19 70
22 16 19 70
23 18 19 70

20



TABLE 4

Service Rate, material flow, process function, and routes traveled
for the rough m |l rmodel resources.
Service Rate Material ' Process’ Rout es
Resour ce Unit/rein Fl ow Functi on Travel ed

Forklift 260 ft A AA 1, 11-23
Unst acker 2 Layers B BB 0
Crosscut #1 conveyor 100 ft A cc 2
Crosscut #2 conveyor 100 ft A cc 3
Crosscut #1 20 Pieces A DD 0
Crosscut #2 20 Pieces A DD 0
Crosscut #1 chain 100 ft A cc 4
Crosscut #2 chain 100 ft A cc 5
Pl aner infeed conveyor 200 ft C cc 6
Pl aner outfeed conveyor 200 ft D cc 7-10
Ri psaw #1 5 Pieces A EE 0
Ri psaw #2 5 Pieces A EE 0
Ri psaw #3 5 Pieces A EE 0
R psaw #4 5 Pieces A EE 0
'Material flows are defined as:

A - One incomng and one outgoing route.

B - One incomng route and two outgoing routes (equal chance).

C - Two incomng routes (First-In-First-Qut) and one outgoing route.

D - One incomng route and four outgoing routes (depends on length of part).

‘Process functions are defined as:
AA - Transport.
BB - Create random length and width | unber.
CC - Convey.
DD - Create cuttings with length generated from a random distribution.
EE - Create cuttings with width determ ned by saw setworks.

21



Table 5
Cutting order sinulated in the hypothetical rough mll.

Cutting Lengt h W dt h
(in) (in)

1 14 1.50

2 22 2.25

3 28 2.50

4 36 2.00
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TABLE 6

Simul ation model input distribution paraneter values
[ nput Di stribution
Surface area of lunber in each Tri angul ar
pal l et of rough dry M ni mum = 278
| unber, (ft?)’ Mode = 417
Maxi mum = 486
Length of boards, (ft) Triangul ar
M ni mum = 8
Mode =12
Maxi mum = 17
Wdth of boards, (in) Triangul ar
M nimum = 4
Mode =10
Maxi mum = 16
Chance for each of the Discrete Probability:
cutting |engths Cutting 1 = 0.2
Cutting 2 = 0.2
Cutting 3 = 0.3
Cutting 4 = 0.3
Forklift Ioading and Uni form
unl oading rates, mn M ni mum = 0.05
Maxi mum = 0. 17

23
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Figure 1. Floor plan of a typical rough mlIl layout with the 19 station
| ocati ons.
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Figure 2. Characteristics used to describe each of the six objects used to
represent the rough mil.

25



Station

Nams

Queues Used

Resources Used

Animated Location

Route Entity
Name Neme
Station Terminals Length
Distance Width
Cost Number in Stack

Animated Location

Conversion Efficiency

Time in System

Priority

Animated Symbol

Animated Location

Variable

Resource
Q Name

ueue Number Available
Name Service Rate
Capacity Cost
Cost Material Flow
Batch Size Processing Function
Overfill Destination Routes Traveled
Animated Symbol Animated Symbol

Variable Name

Animated Symbol

Animated Location

Animated Location

Animated Location




Figure 3. Ani mation synbols for possible states seen by A) an entity object
and B) a resource object.

26



Lumber Un-planed| Planed Rough

Sutm ke Lumber Rough Rough Parts

ac Lengths | Lengths Stack
== ==

A- Entity Animation Symbols

Idle

Down

B - Flip Saw Animation Symbols




Figure 4. M1l parts throughput is shown for one hour of the simnulation.
The dashed line represents the average rate of parts production
for the entire 10-hour sinulation (1.52 nbf per hour).
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Fi gure 5. M1l waste production is shown for one hour of the sinulation.
The dashed line represents the average rate of waste production
for the entire 10-hour simulation (1.66 nbf per hour).
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Figure 6. M Il production cost is shown for one hour of the simulation, The
dashed line represents the average production cost for the entire
10- hour sinulation ($1778 per nbf).
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Figure 7. Amount of lunber waiting to be processed by the ripsaws is shown
for one hour of the simulation. Solid lines correspond to the
original sinulation (Run 1) and dashed lines correspond to the
altered simulation (Run 2) where the crosscut throughput rate was

reduced. The straight lines show the 10-hr average values in each
case (83 for Run 1, 19 for Run 2).
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Fi gure 8. Snapshot of the sinulation/animtion nodel of the rough mll at
time = 253 mnutes.
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